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Irritability is an indicator and predictor of psychopathology, as well as a sign of acute and chronic stress. 
Cortisol reactivity (CR), a physiological index of psychological stress, is bidirectionally associated with 
and predictive of psychopathology. Research addressing irritability and CR together is limited. 
Participants were 156 children enrolled in a longitudinal study. At age three, saliva was collected in 
relation to a stressor task and parents reported on child psychopathology. Psychopathology reports were 
also completed for ages six, nine, and 12. Results showed CR to have a moderating effect on the 
association between irritability and psychopathology symptoms when sex was included as an additional 
moderator, indicating that this moderating effect occurred differently for males and females. These 
findings underscore the importance of considering both biological and psychological variables, as well as 
























Psychological disorders emerge from transactions between environmental (e.g., familial, social), 
biological (e.g., genetic, hormonal), and other individual (e.g., emotion regulation, cognitive style) factors 
(Goldberg, 2010; Papadimitriou, 2017), as well as dysregulated stress reactivity (Hankin et al., 2015). 
According to the Centers for Disease Control and Prevention (CDC), 17.4% of American children aged 
two to eight years old have a diagnosed psychological disorder (CDC, 2020). Research indicates that 
early psychopathology is associated with poor outcomes during childhood and into adulthood (Finsaas et 
al., 2020; Loth et al., 2015; Obradović et al., 2010). Psychopathology in childhood is also associated with 
academic impairments (e.g., low grades and disciplinary actions; Essau et al., 2017), social struggles (e.g., 
bullying, maintaining friendships; van Lier & Koot, 2010), family-life challenges (e.g., rebelliousness, 
adjustment issues; Pihlakoski et al., 2006), and in some cases, legal consequences (e.g., disciplinary 
measures due to theft, truancy; Murray et al., 2010). Early psychopathology also predicts problems in the 
professional, social, familial, and public realms of adulthood (Heijmens Visser et al., 2000).  
For decades, the Diagnostic and Statistical Manual of Mental Disorders (DSM), now in its fifth 
edition, has been considered the authority on determining the presence of psychopathology using the 
categorical method (i.e., an individual either meets criteria for a disorder or does not; APA, 2013). 
However, emerging research has shown that dimensional approaches (e.g., The Research Domain of 
Criteria [RDoC], The Hierarchical Taxonomy of Psychopathology [HiTOP]), in which symptoms are 
considered along a continuum within multiple domains or along symptom levels; Beauchaine & Hinshaw, 
2017; Kotov et al., 2017) avoid the issues observed in categorical approaches (e.g., arbitrary boundaries 
and cutoffs, not meeting criteria but still having impairment due to severity of symptoms, covarying 
symptoms between disorders, and a failure to address the heterogeneity within disorders and homogeneity 
between disorders; Brown & Barlow, 2005; Haslam, 2003). Hence, examining psychological disorders at 
the symptom level, as opposed to dichotomously, may offer more insight into how psychopathology 
develops and why some individuals experience more and/or different impairment than others.   
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Emotion and mood dysregulation (i.e., irritability) have been observed in numerous individuals 
with psychological impairment, including disorders related to anxiety, depression, attention-
deficit/hyperactivity disorder (ADHD), and oppositional defiant disorder (ODD; Roy et al., 2019). 
Similarly, research has also shown associations between these disorders and dysregulated stress 
responsivity (i.e., atypical cortisol reactivity; Sapolsky et al., 1986; Zorn et al., 2017). Of particular 
interest are depression and ADHD, which are among the most commonly diagnosed and impactful 
disorders in youth (CDC, 2020). Irritability is a symptom of depression in children and is part of the 
phenomenology of depression in adults and individuals with ADHD (APA, 2013; Roy et al., 2019). 
Atypical cortisol reactivity has been observed in cases of anxiety, depression, ADHD, and ODD. 
However, the literature related to depression and ADHD are especially mixed, indicating that some 
individuals with depression or ADHD symptoms have one type of dysregulated cortisol reactivity, 
whereas other individuals have another type (e.g., elevated vs. blunted reactivity; Kamradt et al., 2018; 
Lopez-Duran et al., 2009; Zorn et al., 2017).   
Understanding how psychopathology develops is crucial for prevention and treatment, but 
differences such as these makes psychopathology research complex. Considering how factors such as 
irritability and cortisol reactivity interact may shine a light on how psychopathology, and ADHD and 
depression in particular, develops and for whom.   
Irritability  
Irritability is an apt example of this heterogeneity since it is a transdiagnostic symptom associated 
with numerous mood and behavioral disorders (American Psychological Association [APA], 2013). 
Atypical irritability is a common symptom found in both internalizing (i.e., mood, anxiety disorders) and 
externalizing (i.e., impulse-control, behavioral disorders) disorders, as well as being implicated in poor 
mood, emotion dysregulation, and extreme behaviors (e.g., destructive tantrums; Eyre et al., 2017; 
Wiggens et al., 2018). Irritability is often understood as (1) a verbal and/or nonverbal behavior, and (2) a 
negative emotion or mood (Barata et al., 2016). In the DSM-5 (APA, 2013), irritability is cited in the 
diagnostic criteria for multiple disorders, including depressive, bipolar, anxiety, trauma, personality, 
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oppositional, substance-use, and neurodevelopmental disorders (Toohey & DiGiuseppe, 2017). 
Additionally, the DSM-5 has included a relatively new disorder for children, housed within the mood 
section, called disruptive mood dysregulation disorder (DMDD; APA, 2013; Evans et al., 2021b). DMDD 
was designed to capture the growing number of severe irritability cases that were being (potentially) 
misattributed to child mania/bipolar disorder; however, further research has shown that DMDD lacks 
validity, especially when compared to ODD (Evans et al., 2021b). As Evans et al. (2021b) remark, “the 
vast majority of youth with DMDD would already (empirically, if not by definition) receive a diagnosis 
of ODD, and the DMDD diagnosis shows no incremental validity or utility beyond ODD.” It is important 
to note that ODD always includes irritability as a symptom, but irritability may also be distinctly 
associated with other disorders, such as depression (Stringaris et al., 2018).  
In early childhood, irritability is typically a response to frustrations and undeveloped effortful 
control, but it may also be a sign of stress and poor mental health, especially when chronic or severe 
(Brotman et al., 2017; Copeland et al., 2015; Leibenluft et al., 2006; Toohey & DiGiuseppe, 2017). 
Enduring and/or extreme bouts of irritability are key indicators of current mood dysregulation and 
psychopathology, especially in children and adolescents (APA, 2013; Brotman et al, 2017; Leibenluft et 
al., 2006).  
Previous research also demonstrates longitudinal associations between atypical irritability in early 
childhood and later psychopathology (Brotman et al., 2006; Dougherty et al., 2015; Keefe et al., 1996; 
Stringaris et al., 2009; Vogel et al., 2019). For example, Dougherty et al. (2015) reported that increased 
irritability at age three predicted impaired functioning, increased anxiety, and disruptive behaviors at age 
nine. Similar results were found by Vogel et al. (2019), in which mood disorders and ADHD in 
adolescence were predicted by irritability and excitability (i.e., positive emotion dysregulation) during 
preschool.  
Within disorders, irritability also presents differently among individuals (Mick et al., 2005; Jha et 
al., 2019, Pine, 2019). When considered as a component of emotion dysregulation, irritability is a 
common yet heterogeneous symptom of ADHD (Shaw et al., 2014). For example, Mick et al. (2005) 
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found that children with ADHD and no comorbid disorders were more likely to present with ODD-type 
irritability (e.g., temper tantrums, anger, resentment, easily annoyed). On the contrary, children with 
ADHD and a comorbid mood disorder were more likely to have irritability that fell within the depressive-
type (i.e., mad/cranky). Irritability is also a common symptom of depression in adults and part of the 
criteria for diagnosis in children (APA, 2013). Jha et al. (2019) found that irritability severity predicted 
treatment outcomes in adults with major depressive disorder (MDD), with reduced irritability from early 
treatments (i.e., psychopharmacological therapy) showing increased likelihood for remission. In children 
with depression, irritability may present as increased susceptibility to anger, without reaching a tipping 
point into behavioral demonstrations, such as temper outbursts or aggressive displays (e.g., irritability that 
drives the individual to withdraw instead of lash out; Stringaris et al., 2018). Interestingly, Evans et al. 
(2021a) found that child self-reported irritability was moderately associated with internalizing disorders 
such as depression, whereas parent-report on child irritability had little to no association with these 
disorders.  
In addition to comorbid disorders as a potential reason for differences, it may also be that external 
factors, such as family dynamic and parenting style are contributing to the difference between children 
with depression and more apparent irritability vs. children with depression and more withdrawn-type 
irritability (Stringaris et al., 2018). This variability may contribute to a better understanding of differences 
in psychopathology development and course. That is, why some individuals develop affective and 
behavioral disorders while others do not. As such, it is important to investigate third variables that may 
influence the relation between irritability and psychopathology. Specifically, biological factors, such as 
stress reactivity, may partially explain how irritability is associated with different types of 
psychopathology in different individuals (Leibenluft & Stoddard, 2013). 
Cortisol Reactivity 
  Cortisol reactivity (CR), a biological measure of acute psychological stress, may help to clarify 
how irritability and psychopathology are associated (Mikita et al., 2015; Morris et al., 2017). CR 
originates in the hypothalamic-pituitary-adrenal (HPA) axis, a stress response network consisting of 
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feedback interactions between the central nervous system (i.e., hypothalamus) and endocrine system (i.e., 
pituitary and adrenal glands; Nelson, 2011; Sapolsky et al., 1986). When the individual senses a salient 
stressor, a hormone cascade commences simultaneously with the immediate stress reactivity of the 
sympathetic nervous system (SNS; Nelson, 2011; Sapolsky et al., 1986). Beginning in the hypothalamus, 
corticotrophin releasing hormone (CRH) is secreted in response to increased epinephrine and 
norepinephrine levels (from the SNS). A sudden surge of CRH in the bloodstream stimulates the pituitary 
gland to secrete adrenocorticotropic hormone (ACTH), which then signals to the adrenal glands to excrete 
cortisol (Nelson, 2011; Sapolsky et al., 1986).  
Cortisol is one of the measures by which HPA activity is indexed and dysregulation is measured 
(Nelson, 2011; Sapolsky et al., 1986). Cortisol secretion follows a 24-hour circadian rhythm (Nelson, 
2011). An individual’s cortisol levels rapidly rise upon waking (called the cortisol awakening response 
[CAR]) from an already high level, peak about 30 minutes after waking, and then slowly decline and 
plateau until bedtime. Throughout the day, spikes can be partly attributed to stress responsivity from 
physical and psychosocial threats (Hankin et al., 2015).  
The HPA axis is especially responsive to stressors that include psychosocial threats, such as those 
that jeopardize perceptions of self-image, and particularly those that do so in novel and unpredictable 
ways (Dickerson & Kemeny, 2004; Koss & Gunnar, 2018). Cortisol reactivity, in particular, is a 
physiological marker often used to measure acute social and psychological stress (Dimitrov et al., 2018). 
Atypically elevated CR, however, indicates heightened arousal and is potentially due to increased anxiety 
and emotional reactivity (Bagner et al., 2010; McEwen, 1998). Significantly blunted CR – meaning the 
stress exposure did not incite a normative increase in cortisol – suggests a lack of responsivity caused by 
chronic hormone secretion over time, often due to repeated exposure to stressful stimuli, mechanistic 
problems in the HPA axis, or heightened responsivity to innocuous conditions (Lupien et al., 2009; 
McEwen, 1998).  
Like irritability, previous research on atypical CR has shown it to be associated with and 
predictive of psychopathology (Barrios et al., 2017; Doom & Gunnar, 2013; Grimm et al., 2017; Gunnar 
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& Vazquez, 2006; Morris et al., 2012; Nelson, 2011; Pariante, 2003; Sapolsky et al., 1986; Slavich & 
Irwin, 2014; Zorn et al., 2017). This association is observed in children, adolescents, and adults (Doom & 
Gunnar, 2013; Spies et al., 2011; Steeger et al., 2017; Zorn et al., 2017) and may have origins in early 
childhood (Barrios et al., 2017; Shonkoff et al., 2009). Significantly elevated CR has typically been 
associated with internalizing disorders, while atypically blunted CR is often associated with externalizing 
disorders (Bagner et al., 2010; Ruttle et al., 2011; Zorn et al., 2017). Studies examining specific disorders 
have observed anxiety and depression to be associated with atypically elevated CR (Bagner et al., 2010; 
Zorn et al., 2017), while disruptive behavior disorders (e.g., ADHD and ODD) were associated with 
blunted CR (McBurnett et al., 2000; Ouellet-Morin et al., 2011; Zorn et al., 2017).  
However, the literature also reflects inconsistencies in studies of CR to stress and 
psychopathology, especially with regard to ADHD and childhood depression (Alink et al., 2008; Gunnar 
et al., 2009b; Harkness et al., 2011; Jaffee et al., 2015; Lopez-Duran et al., 2009; Mazurka et al., 2016; 
Melham et al., 2016; Ruttle et al., 2011; Suzuki et al., 2013). While some research has demonstrated the 
expected blunted CR response in children and adults with ADHD (Alink et al., 2008; Hong et al., 2003; 
King et al, 1998), other studies have shown an elevated CR effect (Corominas-Roso, 2015; Raz & 
Leykin, 2015; van West et al., 2009). Still other findings have shown no significant differences when 
compared with healthy controls (Alink et al., 2008; Hirvikoski et al., 2009; Snoek et al., 2004).  
Some explanations for these inconsistencies revolve around methodological issues/discrepancies 
between studies (Kamradt et al., 2018). For example, the stressor task used by researchers may be 
deficient for eliciting CR, especially in children (Gunnar et al., 2009a). Time of day in which saliva 
samples are collected may impact the cortisol curve used to detect mean CR, especially if the samples are 
produced too early in the day (i.e., too close to the CAR; Koh & Koh, 2007). Intra and inter-assay 
covariance issues leading to measurement errors, especially in non-established or under-qualified labs 
(Calvi et al., 2017) and not accounting for cortisol disrupting over-the-counter and/or prescription 
medications are other methodological issues that have may have contributed to the inconsistencies in CR 
literature (Granger et al., 2009).   
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Some research has attempted to address these inconsistencies by including moderators, such as 
traits and disorder subtypes, to their models (Maldonado et al., 2009; Northover et al., 2016; Stadler et al., 
20011; van West et al., 2009). In a sample of eight to 14-year-old males, Stadler et al. (2011) found that 
the association between CR and ADHD was moderated by callous-unemotional (CU) personality traits. 
Specifically, higher levels of CU traits were associated with blunted CR in males with ADHD (Stadler et 
al., 2011). Northover et al. (2016) showed similar results, finding that 10 – 17-year-old males with ADHD 
were more likely to have blunted CR if they had a comorbid diagnosis of conduct disorder. In a meta-
analytic review of the relation between CR and ADHD, Kamradt et al. (2018) emphasized the 
methodological heterogeneity in the literature and found there to be no overall effect between ADHD and 
CR. Further, they noted that moderators may better explain these findings (Kamradt et al., 2018). 
However, a limited sample size (K = 12) may be the reason for non-significant findings on the association 
between CR and ADHD. In a study of five to eight-year-olds, Maldonado et al. (2009) observed that 
children with higher levels of hyperactivity and impulsivity tended to have blunted CR when compared 
with healthy controls and other ADHD subtypes (i.e., inattentive). In a similar study of six to 12-year-olds 
with ADHD, van West et al. (2009) found that elevated CR was associated with the inattentive ADHD 
subtype, whereas blunted CR was associated with the combined subtype (inattentive and hyperactive). On 
the contrary, Pesonen et al. (2011) found blunted CR to be associated with the inattentive subtype in a 
large-scale study of eight-year-olds in Finland.     
Similar inconsistencies exist for children and adolescents with depression. A meta-analysis on 
HPA dysregulation in children and adolescents found larger between-subjects CR variability within the 
depressed samples when compared to healthy controls (Lopez-Duran et al., 2009). These findings indicate 
potential methodological issues across studies, but also highlight the heterogeneity and variability of CR 
in children with depression. Luby et al. (2003) found that preschoolers with depression had elevated CR 
after a psychosocial stressor when compared to both healthy controls and, interestingly, children with 
ADHD or ODD. However, Suzuki et al. (2013) observed blunted CR following a stress task in 
preschoolers with either full or subclinical major depressive disorder (MDD). When confronted with 
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similar follow-up stress tasks in subsequent visits occurring 12 and 24 months after the first visit (i.e., 
longitudinal waves two and three), children with any history of MDD showed blunted CR and a failure to 
adjust (Suzuki et al., 2013). Harkness et al. (2011) found depression to be associated with blunted CR in a 
sample of 12 – 21-year-olds. In a cross-sectional study of preschoolers, third, sixth, and ninth graders, 
Hankin et al. (2010) observed blunted CR in children (i.e., preschool to sixth grade age range) at risk for 
depression and elevated CR in ninth graders in the at-risk group, when compared to healthy controls.   
Some research suggests that comorbidity may partially explain these inconsistencies (Hastings et 
al., 2009; Yoon & Joormann, 2012; Young et al., 2004). For example, a sample of six – 11-year-old males 
with ADHD and either comorbid anxiety or a disruptive behavior disorder showed significantly different 
CR responses to a stressor (i.e., venipuncture) than children without a comorbid disorder (Hastings et al., 
2009). Specifically, males with ADHD and comorbid anxiety had elevated CR, whereas males with 
ADHD and comorbid disruptive disorders had blunted CR (Hastings et al., 2009). Relatedly, in a study of 
social anxiety disorder (SAD) and major depressive disorder (MDD), Yoon and Joormann (2012) found 
that adults with SAD showed elevated CR, but comorbid MDD had a dampening effect on CR.  
Like the CR and ADHD subtype findings, research on depression and CR has indicated 
differences may be related to symptom type (Luby et al., 2003). Specifically, several studies have shown 
that individuals with melancholic depressive traits tend to have significantly elevated CR when compared 
to other depressive traits and healthy controls (Luby et al., 2003; Morris et al., 2017; Stetler & Miller, 
2011). These effects have been observed in child, adolescent, and adult samples. A 2011 meta-analysis 
examining 40 years of HPA and depression research noted CR differences in depression form (i.e., 
atypical, melancholic, psychotic subtypes from the DSM-IV), such that individuals with atypical 
depression (i.e., symptoms of hypersomnia, fatigue, weight gain, and increased interpersonal emotional 
reactivity) showed relatively blunted CR when compared with individuals in the melancholic depression 
group (i.e., symptoms of anhedonia, insomnia, diminished appetite, mood instability, feelings of 
excessive guilt and worthlessness; Stetler & Miller, 2011). In a sample of preschoolers, Luby et al. (2003) 
found that children in a melancholic depression subgroup had significantly higher CR than children in all 
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other comparison groups (i.e., healthy controls, ADHD and ODD group, non-melancholic subgroup) after 
a stress task.  
Irritability and Cortisol Reactivity 
The minimal literature on irritability and CR together suggests that irritability may be more 
associated with blunted CR (Mikita et al., 2015; Morris et al., 2017). Mikita et al. (2015), for example, 
found that boys with autism spectrum disorder (ASD) and high irritability scores showed blunted CR post 
lab stressor. Notably, ASD is a neurodevelopmental disorder exhibiting both internalizing (i.e., anxiety 
and depression) and externalizing (i.e., aggression and impulsivity) symptoms (APA, 2013; Bauminger et 
al., 2010). Morris et al. (2017) found that irritability had a stronger association with blunted CR when 
specific symptoms (e.g., insomnia, hypersomnia, fatigue, appetite problems) were present in a sample of 
adolescents with major depressive disorder (MDD) or at high risk for depressive disorders. That 
significant results have been found implies more research should be done to better examine how 
irritability and CR interact. 
Sex and Puberty  
In addition to irritability and CR, sex and puberty have also shown to be associated with 
depression and ADHD outcomes. Numerous studies have shown sex to be related to mental disorder 
prevalence and manifestation. In early and middle childhood, externalizing disorders (such as ADHD and 
ODD) are diagnosed more frequently in males, while internalizing disorders (e.g., anxiety and depression) 
show fewer sex differences in prevalence (APA, 2013; Beauchaine & Hinshaw, 2017). However, sex 
discrepancies in disorder prevalence may be partially attributed to different symptom manifestations (e.g., 
physical aggressiveness in males and verbal aggressiveness in females with disruptive disorders) and rates 
of comorbidities (e.g., more anxiety comorbidity in females; Chaplin & Aldao, 2013; Hartung & Lefler, 
2019; Skogli et al., 2013). Throughout childhood and adolescence, emotion dysregulation also manifests 
differently in males and females (Chaplin & Aldao, 2013). Specifically, males in early and middle 
childhood expressed more externalizing emotions (i.e., anger) than their female counterparts, who tended 
to show more internalizing emotions (i.e., sadness; Chaplin & Aldao, 2013). However, these findings 
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changed in adolescence, with females exhibiting more externalizing emotions than their male counterparts 
(Chaplin & Aldao, 2013). Pubertal timing may also play a role in psychopathology, as many 
psychological disorders emerge in conjunction with the biological and environmental changes that occur 
during puberty (Ge & Natsuaki, 2009; Pomerantz et al., 2017; Shelton & van den Bree, 2010; Sontag et 
al., 2011; Sontag-Padilla et al., 2012; Ullsperger & Nikolas, 2017). 
Additionally, research has shown sex and puberty to be associated with irritability, though results 
are inconsistent. In a sample of nine to 16-year-olds with depression, Stringaris et al. (2013) observed that 
males had significantly higher irritability scores than their female counterparts. Stewart et al. (2020) 
observed that adolescent females within the youth justice system scored higher on aggression and 
irritability measures than their male counterparts and both sexes in the general population, especially if 
they were diagnosed with ADHD and/or ODD.  In investigating the relationship between irritability and 
future psychiatric diagnoses, Dougherty et al. (2015) found that irritability at age three predicted ADHD 
in males, but not females, at age nine. The same study observed age three irritability to be predictive of 
lifetime anxiety disorder at age nine for females, but not males (Dougherty et al., 2015). Pubertal onset, 
along with other biological and social changes, may also influence irritability symptomatology (Mendle, 
2014). Specifically, a review of puberty and psychopathology found that depression during childhood 
reflects more somatic irritability symptoms (e.g., agitation), whereas depression in pubescence includes 
internalizing irritability (e.g., social withdrawal and hopelessness; Mendle, 2014).  
Associations between CR and sex have also been researched, though much of the published 
research has been on adults and adolescents (Kelly et al., 2008; Liu et al., 2017). In healthy adults, males 
tend to have higher CR post stress tasks than females (Kirschbaum et al., 1993; Kudielka & Kirschbaum, 
2005; Liu et al., 2017; Zimmer et al., 2003). In adults with psychopathology, studies reflect sex 
differences in CR as well. For example, Powers et al. (2016) found that females with depression had 
blunted CR post stressor, whereas males with depression and females with anxiety had elevated CR post 
stressor. Similar findings showed blunted CR in females with MDD and elevated CR in their male 
counterparts (Zorn et al., 2017). Several studies on CR in adolescents have been comparable to adult 
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studies, finding sex to moderate associations between CR and psychopathology (Colich et al., 2015; 
Klimes-Dougan et al., 2001; Mazurka et al., 2017). A study on stress reactivity and depression in 12 – 18-
year-olds found that females with depression had blunted CR when compared to their male counterparts 
and other females without depression (Mazurka et al., 2017). That is, the social, morphological, 
environmental, and hormonal changes that females experience in pubertal development may increase the 
likelihood of encountering stressors and developing psychopathology (Graber, 2013; Hyde et al., 2008; 
Natsuaki et al., 2011). Colich et al. (2015) found CR patterns similar to Mazurka et al. (2017) in early 
adolescent males and females.  
There is minimal research looking at sex differences in CR and psychopathology in children. In a 
study examining sex, CR, and psychopathology symptoms over time, Daoust et al. (2018) found that CR 
at age three was predictive of internalizing and externalizing symptoms at age five. Specifically, three-
year-old males and females with elevated CR were more likely to have fewer externalizing symptoms 
(specifically ODD) when they were re-assessed at age five. However, males with blunted CR at age three 
did not have these same outcomes. Further, females with blunted CR at age three tended to have fewer 
symptoms of depression at age five (Daoust et al., 2018). It is also possible that sex differences related to 
early CR and symptomology emerge during early adolescence, especially if pubertal onset is a moderator. 
There is ample research suggesting the role of hormonal changes (i.e., CR changes) in psychopathology 
during puberty (Colich et al., 2015; Ge & Natsuaki, 2009 Gunnar et al., 2009b; Hankin et al., 2010); 
however, this research is examining CR and puberty concurrently, as opposed to early childhood CR 
interacting with pubertal development.  
The Present Study 
Numerous studies have examined the predictive qualities of early irritability and CR on 
psychopathology separately (irritability: Dougherty et al., 2017; Stringaris et al., 2009; Wiggins et al., 
2018; CR: Barrios et al., 2017; Hankin, 2015; Morris et al., 2012). However, the existing research 
addressing irritability and CR together is sparse. Hence, the present study aimed to investigate how the 
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interaction between irritability and cortisol reactivity is related to psychopathology, and further, how sex 
and puberty may influence that interaction.  
The present study specifically examined ADHD and depression symptoms in the context of 
irritability, CR, and sex/puberty, for two main reasons. First, irritability is a heterogeneous yet commonly 
reported symptom in both ADHD and depression. As such, biological factors, such as CR and 
sex/puberty, may clarify how psychopathology develops in individuals with high irritability. (i.e., why 
irritability is associated with depression in some individuals but ADHD in others.) Second, and as noted 
earlier, there is inconsistency in the literature on CR and depression and ADHD, with previous studies 
demonstrating both elevated and blunted CR to be associated with both depression and ADHD (Hankin et 
al., 2010; Harkness et al., 2011; Luby et al., 2003; Maldonado et al. 2009; Pesonen et al., 2011; van West 
et al., 2009; Zorn et al., 2017). These inconsistencies in the literature merit further exploration of these 
associations. While both irritability and atypical CR have shown to be associated with anxiety and ODD, 
these disorders were not of particular interest for the present study. One reason for this is because 
previous research on CR and psychopathology has not shown the same inconsistencies that have been 
found for ADHD and depression. Another reason to exclude ODD as an outcome of interest is because it 
is often too highly correlated with irritability, suggesting the constructs may not be distinct enough to test 
in such a way. Indeed, severe irritability is often a symptom of oppositionality (Evans et al., 2021b; 
Stringaris et al., 2018).  
The present study used dimensional, symptom-based scores to examine ADHD and depression 
for several reasons. First, ADHD and depression are heterogeneous disorders with diverse symptom 
presentations (Fried, 2017; Luo et al., 2019; Lynch et al., 2020; Mick et al., 2005; Pine, 2019). As such, 
categorical methods make it more difficult to discern heterogeneity (Güleç et al., 2014; Krueger & 
Bezdjian, 2009). Additionally, using a more dimensional method may clarify results since the majority of 
CR and psychopathology literature relies on the DSM and other categorical approaches. Further, a 
dimensional scale addresses all levels of impairment, as may be observed in a non-clinical sample 
(Bjelland et al., 2009). Second, a dimensional score allows irritability to be removed from the 
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psychopathology symptom scores, thus accounting for construct overlap (Dougherty et al., 2015). Third, 
there are numerous developmental differences in symptom manifestation between ages three and 12 
years, as such a dimensional approach is especially appropriate when examining psychopathology in 
children and adolescents (Barch et al., 2019; Beauchaine & Hinshaw, 2017). Finally, the dimensional 
approach allows for a more comprehensive understanding of child behaviors, as both children within and 
outside of psychopathological criteria may be included in assessment (Andrews et al., 2001; Kamphaus et 
al., 1999). When the entire spectrum is represented, fewer children fall through the proverbial cracks.  
Aims and Hypotheses 
The current study aimed to explore the complex associations between childhood irritability, 
cortisol reactivity, and ADHD and depression symptoms in the context of sex and puberty. To do so, we 
tested four hypotheses.  
Hypothesis One. Irritability at ages three, six and 12 would be significantly associated with or predictive 
of ADHD and depression symptom scores at ages three, six, nine, and 12. It was expected that these 
results would support the literature on irritability and psychopathology. Specifically, higher irritability 
levels would be associated with more depression symptoms. The direction of the association between 
irritability and ADHD scores was unspecified due to mixed literature on irritability in ADHD (Mick et al., 
2005).  
Hypothesis Two. Cortisol reactivity at age three would moderate the association between irritability 
(ages three, six, and 12) and ADHD and depression symptoms (ages three, six, nine, and 12). The 
direction of this moderated effect was unspecified due to the dearth of existing literature reflecting the 
relation between irritability and cortisol reactivity.     
Hypothesis Three. Cortisol reactivity at age three would moderate the association between irritability 
(ages three, six, and 12) and ADHD and depression symptoms (ages three, six, nine, and 12) differentially 




Hypothesis Four. In another three-way interaction, CR at age three would moderate the association 
between irritability (ages three, six, and 12) and ADHD and depression symptoms (age 12) differentially 
by pubertal stage (age 12). Although this was also an exploratory analysis, it was hypothesized that earlier 
pubertal onset, in conjunction with high irritability and atypical CR (age three), would be associated with 
higher symptom scores, especially for depression. However, the direction of the CR (i.e., elevated or 
blunted) was unspecified. Age nine pubertal scores were considered for inclusion in the model, pending 
further preliminary analyses. 
Methods 
Participants 
The current study used data obtained from a larger longitudinal study exploring the relation 
between temperament and psychopathology (Klein & Finsaas, 2017). Families with a child between three 
and four-years old were recruited using a commercial mailing list in the Stony Brook, NY area (Olino, 
Klein, Dyson, Rose, & Durbin, 2010). Eligible child participants were free of significant medical and 
developmental afflictions (Olino et al., 2010). At least one parent participant spoke English and was 
biologically related to the child participant (Olino et al., 2010). Of the 559 children who participated in 
the age 3 assessment, 160 were randomly chosen to participate in cortisol reactivity collection during one 
of the laboratory tasks (Barrios et al., 2017). Four participants were excluded from analysis due to saliva 
sample values (see section on cortisol collection procedure), leaving a sample of 156 three-year old 
children (Barrios et al., 2017). Of those 156 children, 149 had complete psychopathology data from the 
first wave. Of the 149 three-year-old participants, 88% returned for the age six visit, 84% at age nine, and 
81% at age 12. The final sample for analysis consisted of 149 participants at age three, 130 at age six, 119 
at age nine, and 115 at age 12. The mean age of the final analysis sample at the first visit was 3.63 years 
(SD = .24), at the second visit was 6.28 years (SD = .31), at the third visit was 9.31 years (SD = .38), and 
at the fourth visit was 12.91 years (SD = .32). Participants were 51% (n = 80) female, and predominantly 
Caucasian (87%, n = 136); the remaining 12.8% (n = 20) identified as non-white and/or Hispanic/Latino. 
67% (n = 105) of participants had parents that both graduated from college. Sensitivity analyses were 
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performed to compare the 156 cortisol reactivity participants with the rest of the sample (N = 440). When 
compared to the rest of the sample, children in the cortisol reactivity subsample had lower anxiety scores 
at ages three, t(539) = -3.0, p < .01, and nine, t(486) = -2.2, p = .02. They also had lower ADHD, t(539) = 
-2.2, p = .03, and ODD scores at age three, t(539) = -3.2, p = .001, but higher ODD scores at age 12, 
t(474) = 2.0, p = .04. Children in the CR subsample were also more likely to identify as White and non-
Hispanic, t(607) = 2.7, p < .01. Pubertal scores at age nine were highly skewed to the left, indicating 
significantly low rates of pubertal onset, and kurtotic, suggesting higher variation among those lower 




Descriptive Statistics of Study Participant Age, and Raw Scores for Psychopathology, Irritability, Cortisol Reactivity, and Puberty 
Variable N Range Mean SD Skew Skew SE Kurtosis  Kurtosis SE
Age at Visit
Visit 1 (age 3) 156.00 1.08 3.63 0.24 -0.38 0.19 -0.46 0.39
Visit 2 (age 6) 126.00 1.96 6.28 0.31 1.33 0.22 2.51 0.43
Visit 3 (age 9) 116.00 2.17 9.31 0.38 1.98 0.22 4.22 0.45
Visit 4 (age 12) 121.00 2.08 12.91 0.32 1.42 0.22 4.03 0.44
Pubertal Score
Age 9 123.00 9.00 7.15 1.81 1.52 0.22 3.43 0.43
Age 12 120.00 12.00 11.39 3.23 -0.39 0.22 -0.85 0.44
CR age 3 156.00 592.77 31.29 148.25 -0.45 0.19 -0.01 0.39
Age 3 Scores
Irritability 3.83 -0.06 0.92 2.06 0.20 3.40 0.39
ADHD 5.00 0.49 1.39 2.73 0.20 5.91 0.39
Depression 9.24 1.71 1.79 1.56 0.20 3.15 0.39
Anxiety 31.36 6.29 5.26 1.30 0.20 3.13 0.39
ODD 11.00 1.52 2.90 1.75 0.20 1.69 0.39
Age 6 Scores
Irritability 4.50 0.07 1.02 1.56 0.21 1.73 0.42
ADHD 12.40 2.80 3.50 1.50 0.21 1.34 0.42
Depression 7.18 2.92 2.40 0.95 0.21 0.91 0.42
Anxiety 42.24 10.61 11.77 1.38 0.21 2.09 0.42
ODD 7.00 1.33 2.19 1.10 0.21 0.71 0.42
Age 9 Scores
ADHD 31.00 5.45 9.04 1.58 0.22 1.06 0.43
Depression 3.00 0.30 0.79 2.76 0.22 6.49 0.43
Anxiety 22.00 2.82 3.95 2.40 0.22 7.27 0.43
ODD 14.00 1.43 3.14 2.46 0.22 5.48 0.43
Age 12 Scores
Irritability 9.00 1.38 2.29 1.83 0.22 2.49 0.44
ADHD 33.00 4.32 7.92 1.79 0.22 2.22 0.44
Depression 3.00 0.29 0.78 2.77 0.22 6.58 0.44
Anxiety 14.90 2.63 4.05 1.99 0.22 3.08 0.44





Note: ADHD = Attention-deficit/hyperactivity disorder; ODD = Oppositional defiant disorder; CR = Cortisol reactivity; SD = 
standard deviation. As noted in the text, several variables were highly skewed and/or kurtotic. CR had an initial skew of -1.70 
and a kurtosis statistic of 25.58. Age three ADHD had a skew of 5.49 and kurtosis of 34.44. Age six ADHD had a skew of 3.58 
and kurtosis  of 19.36. Age nine depression had a skew of 4.11 and kurtosis of 18.53. Age twelve depression had a skew of 
4.32 and kurtosis of 19.68. Finally, age twelve anxiety had a skew of 3.24 and kurtosis of 12.38. 
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Measures and Procedures  
Stress Task 
During the initial visit, three-year-old children were administered 12 tasks from the Laboratory 
Temperament Assessment Battery: Preschool Version (Lab-TAB; Goldsmith, Reilly, Lemery, Longley, & 
Prescott, 1995) over a two-hour session. The selected tasks were used to produce a variety of emotions 
and behaviors from the three-year-old participants (detailed in Dougherty et al., 2011). During the Lab-
TAB session, the Stranger Approach task was used to elicit a stress response in children. The Stranger 
Approach task entails briefly leaving the child alone in a room and then having an adult male confederate 
enter and speak to the child while gradually walking toward the child. After each Lab-TAB session, 
participants were given a two-minute play break (Barrios et al., 2017).  
Child Cortisol Collection Procedure 
The quantity and timepoint increments for salivary collection were derived from previous 
research suggesting that changes in salivary cortisol concentrations are associated with stress felt in the 
preceding 20 – 40 minutes of collection (Dickerson & Kemeny, 2004). Saliva samples were collected 
from three-year old participants four times. The first sample was collected after a habituation period (e.g., 
directly following informed consent) of approximately 20 minutes post arrival (baseline, Time one; 
Barrios et al., 2017). The second sample was taken 30 minutes upon completing the Stanger Approach 
task and is the expected peak of cortisol reactivity (baseline + 60 minutes, Time two). The third sample 
was collected 30 minutes after the second sample (baseline + 90 minutes, Time three). The final sample 
was collected 20 minutes after all Lab-TAB tasks were completed (baseline + 130 minutes, Time four). 
At each collection, participants were instructed to dip a cotton dental roll into .025g of powdered cherry 
Kool-Aid® and then to chew on it until sufficiently soaked with saliva. Participants took between one – 
two minutes to produce each sample. Upon collection of each sample, the saliva was extracted from the 
dental roll, transferred to a microtube, and then stored at -20°C until assayed. A time-resolved 
fluorescence immunoassay with fluorometric end point detection (DELFIA) was used to assay all samples 
in duplicate. Four different participants were excluded from the sample due to saliva values that exceeded 
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44 nanomoles per liter (nmol/L). The inter-assay coefficient of variation was between 7.1% – 9.0% and 
reflects adequate consistency between plates at <15% (calculated using the control high and low values 
from calculated concentrations). The intra-assay coefficient was between 4.0% – 6.7% and indicates 
acceptable consistency within the plates and between duplicate samples at <10%.  
Saliva Analysis 
Positive skew is often observed in the cortisol literature (Hankin et al., 2015). In this sample, 
cortisol reactivity measures were non-normally distributed, with skewness of -1.70 (SE = .19) and 
kurtosis of 25.58 (SE = .39). To protect against a skewed cortisol distribution, raw cortisol scores are 
typically log10 transformed. To measure cortisol reactivity, log10 transformed values of each timepoint 
were calculated using two formulae for area under the curve (AUC) as described in Pruessner et al. 
(2003). Area under the curve (AUC) with respect to ground (AUCg) is the measure of total cortisol output 
from zero (Pruessner et al., 2003). Area under the curve (AUC) with respect to increase (AUCi) considers 
the relative increase across time, starting at the initial concentration or baseline, as opposed to starting at 
zero (Pruessner et al., 2003). AUCi is calculated by subtracting the baseline mean value from AUCg 
(Pruessner et al., 2003). AUCi scores represented cortisol reactivity in all statistical models. High CR 
levels (+1SD) are described here as elevated and low CR levels (-1SD) as blunted.      
Child Dimensional Psychopathology Symptoms  
Ages Three and Six Psychopathology Symptoms. At ages three and six, parents were interviewed using 
the Preschool Age Psychiatric Assessment (PAPA; Eggers & Angold, 2004). The PAPA is a structured 
diagnostic interview intended to evaluate DSM-IV psychiatric disorders, such as anxiety, depression, 
ADHD, and ODD in preschool-aged children and is appropriate for children aged two – to – eight – years 
(described in Dougherty et al., 2011). By speaking with the parent, the interviewer decided if the 
individual criteria for the disorders are present or not. If present, the interviewer also coded for intensity 
and duration of symptoms. Dimensional scores were calculated by summing the items and excluding 
symptoms that overlapped with the PAPA derived irritability scores (see Dougherty et al., 2015). The 
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Cronbach’s alpha coefficient for dimensional scores had good internal consistency (ADHD: α = .88, 
depression: α = .74, anxiety α = .85, ODD: α = .79).  
Ages Nine and Twelve Psychopathology Symptoms. At ages nine and 12, both parents and children 
were individually interviewed using the Kiddie Schedule for Affective Disorders (K-SADS- PL; Kaufman 
et al., 1997). The KSADS is a semi-structured interview designed to measure past and current symptoms 
related to psychiatric disorders, such as those associated with ADHD, anxiety, depression, and ODD. 
Dimensional scores were derived from summing the symptoms for each disorder. As with the 
dimensional scores from the PAPA, the KSADS dimensional scores excluded irritability items (see 
Dougherty et al., 2015). 
Both the PAPA and the KSADS measure current (i.e., within the last 12 months) and lifetime psychiatric 
symptoms. This study only used dimensional scores derived from current symptoms as reported by the 
parent. The Cronbach’s alpha coefficients for dimensional psychopathology showed moderate to good 
internal consistency at age nine (ADHD: α = .86, depression: α = .84, anxiety α = .85, ODD: α = .72), 
and strong internal consistency at age 12 (ADHD: α = .99, depression: α = .98, anxiety α = .96, ODD: α 
= .96).  
Child Irritability Scores 
Ages Three and Six Irritability Scores. Ages three and six irritability scores were calculated using six 
items from the PAPA that corresponded to the age 12 measure for irritability. The questions were derived 
from the depression and ODD sections of the PAPA. Final scores were summed for ages three and six, 
respectively. Standardized irritability scores for this sample ranged from -.53 to 3.3 (M = -.06, SD = .91) 
at age three, and -.6 to 4 (M = .07, SD = 1.1) at age six. See Dougherty et al. (2013, 2015) for a more in-
depth description of how this measure was calculated from the PAPA. The Cronbach’s alpha coefficient 
for ages three and six irritability scores had good internal consistency (α = .73).  
Age Twelve Irritability Scores. The Affective Reactivity Index (ARI; Stringaris et al., 2012), is a well-
validated measure of chronic irritability in children and adolescents. The ARI consists of seven items that 
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are each given a score of 0 (“Not true”), 1 (“Somewhat true”), or 2 (“Certainly true”). To obtain a final 
score, items one through six are summed. Item seven assesses the impairment of the irritability. The 
highest possible score is 18. Participants in this sample scored between 0 and 9 (M = 1.4, SD = 2.3) or, 
when standardized between -.6 and 4 (M = .12, SD = 1.2). ARI scores were parent-report and had good 
internal consistency for both mother and father report (α = .85, α = .83, respectively).  
Pubertal Development 
To evaluate pubertal stage at ages nine and 12, the Pubertal Development Scale (PDS; Petersen et 
al., 1988) was administered. Males and females answered questions on a four-point scale (1 = not yet 
started puberty, 2 = barely started, 3 = definitely started, and 4 = seems complete) regarding body and 
facial hair, skin changes, voice changes (males only), breast development (females only), and menarche 
(females only). Pubertal development scores were derived by summing and averaging the scores. PDS 
scores were from parent report. 
Data Analysis Plan 
Analyses were run using IBM SPSS Statistics for Windows, version 26.0 (IBM Corp., Armonk, 
N.Y., USA) and PROCESS version 3.4 (Hayes, 2018).  Except for sex and race, all variables were 
standardized (z-scored) for analysis in order to account for scale differences between waves. Preliminary 
bivariate correlations were run on dimensional scores for ADHD, anxiety, depression, and ODD (ages 
three, six, nine, and 12), irritability scores (ages three, six, and 12), cortisol reactivity (CR) AUCi (age 











Note: ADHD = Attention-deficit/hyperactivity disorder; ODD = Oppositional defiant disorder; CR = Cortisol reactivity. All 
correlations with r ≥ .2 or were significant at < .05 level and/or are bolded. Sex was correlated with race (r = -.18, p < .05), age 9 
ADHD symptoms (r = -.18, p < .05), age nine puberty (r = .20, p < .05), age 12 puberty (r = .44, p < .01), and age 12 anxiety (r = 
.19, p < .05). Race was correlated with age 6 ADHD symptoms (r = -.21, p < .05). Age 9 puberty was correlated with age 6 
ADHD symptoms (r = .22, p < .05) and age 12 puberty (r = .47, p < .01). 
 
 
Multiple linear regression models were used to test the hypotheses that the associations between 
irritability and psychopathology symptoms were moderated by sex and levels of CR. Hence, cortisol 
reactivity at age three and child sex served as moderating variables. Irritability at ages three, six, and 12 
served as predictor variables. ADHD and depression dimensional symptom scores at ages three, six, nine, 
and 12 served as outcome or dependent variables (see Figure 1). ADHD and depression, in particular, 
were chosen as outcome variables because of the inconsistencies in the CR and psychopathology 
literature. Additionally, ODD was not included in the models as a covariate or outcome variable due to 
the disorder’s high association with irritability (Evans et al., 2021b). Pubertal development scores at age 
12 were used as a moderator variable in additional analyses with age 12 psychopathology scores serving 
as outcome variables. Moderation models were run using the PROCESS macro (Hayes, 2018).  
Table 2 
Bivariate Correlations for Variables of Interest and Covariates
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1. Anxiety age 3 _
2. Depression age 3 0.40 _
3. ADHD age 3 0.05 0.34 _
4. ODD age 3 0.13 0.58 0.47 _
5. Irritability age 3 0.16 0.65 0.25 0.80 _
6. CR age 3 0.00 0.02 0.14 0.09 0.05 _
7. Anxiety age 6 0.47 0.16 0.04 0.18 0.18 0.03 _
8. Depression age 6 0.33 0.43 0.24 0.44 0.38 0.12 0.50 _
9. ADHD age 6 0.10 0.27 0.46 0.37 0.19 0.06 0.14 0.45 _
10. ODD age 6 0.27 0.43 0.31 0.51 0.39 0.07 0.30 0.59 0.41 _
11. Irritability age 6 0.21 0.36 0.18 0.50 0.42 0.08 0.16 0.50 0.32 0.66 _
12. Anxiety age 9 0.23 0.20 0.01 0.09 0.04 0.02 0.48 0.33 0.17 0.16 0.09 _
13. Depression age 9 0.11 0.15 -0.04 0.10 0.13 0.07 0.11 0.29 0.07 0.26 0.28 0.12 _
14. ADHD age 9 0.17 0.23 0.35 0.28 0.11 0.25 0.21 0.32 0.60 0.30 0.20 0.18 0.17 _
15. ODD age 9 0.23 0.59 0.20 0.53 0.55 0.13 0.15 0.39 0.25 0.47 0.45 0.13 0.40 0.24 _
16. Anxiety age 12 0.03 0.09 -0.04 0.07 0.06 -0.07 0.24 0.15 -0.02 0.14 0.16 0.46 0.07 0.09 0.16 _
17. Depression age 12 0.04 0.10 -0.04 0.02 0.02 0.08 0.09 0.14 0.01 0.07 0.10 0.22 0.11 0.07 0.24 0.40 _
18. ADHD age 12 0.20 0.27 0.31 0.24 0.09 0.22 0.25 0.44 0.57 0.39 0.25 0.22 0.21 0.88 0.28 0.17 0.22 _
19. ODD age 12 0.08 0.31 0.10 0.27 0.26 0.13 0.09 0.36 0.25 0.47 0.36 0.08 0.28 0.36 0.45 0.19 0.32 0.54 _






Covariates. Variables were initially selected as covariates if they were significantly associated with the 
outcome variables of interest (see Table 2). However, ADHD, anxiety, depression, and ODD tend to be 
significantly associated with irritability and each other (Evans et al., 2021b; Roy et al., 2019). To reduce 
multicollinearity issues, the symptom scores at each corresponding age were not included as covariates, 
nor were irritability scores from other waves (Cohen et al., 2015). Symptom scores from earlier ages 
served as covariates of the outcome variable in order to index change in symptoms over time (e.g., 
ADHD at age three was a covariate for ADHD at age six).  
Results 
Descriptive statistics, such as means and standard deviations, are described earlier in the Methods 
section and in Table 1. Several variables were extremely skewed and kurtotic; to account for this in the 
regression analyses, these variables were winsorized. Specifically, datapoints below the 5th and above the 
95th percentile were changed to reflect the fifth and 95th percentile values, respectively (Tukey, 1962). The 
number of winsorized datapoints ranged from 5 to 8 depending on the variable in question. The 
untransformed values are reported in the note for Table 1.   
Preliminary Analyses 
Bivariate correlations were run between all variables of interest and potential covariates (see 
Table 2). As illustrated in Table 2, irritability was weakly correlated with anxiety, moderately to strongly 
correlated with depression and ODD, and weakly to moderately correlated with ADHD. Only ADHD 
symptom scores at ages nine and 12 were significantly associated with the CR variable (see Table 2).  
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To better estimate variable differences between males and females, independent samples t-tests 
were run for pubertal scores, CR, and all ages of psychopathology and irritability. Results from the t-tests 
suggested that mean sex differences only occurred with regard to age nine ADHD scores, age 12 anxiety 
scores, and pubertal scores for ages nine and 12. T-test results showed that the frequency of age nine 
ADHD symptoms was higher in males (M = .29, SD = 1.17) than in females (M = -.11, SD = .96), t(123) 
= 2.05, p = .04). At age 12, the frequency of anxiety symptoms was higher in females (M = .19, SD = 
1.16) than in males (M = -.19, SD = .76), t(119) = -2.12, p = 04. T-test results showed that females (age 9: 
M = .21, SD = 1.04; age 12: M = .48, SD = .85) were more pubertally advanced (i.e., higher pubertal 
scores) than males (age 9: M = -.17, SD = .90; age 12: M = -.39, SD = .96), at ages nine t(121) = -2.20, p 
= .03, and 12, t(118) = -5.23, p < .01, which is consistent with the literature on sex differences in age of 
pubertal onset (Fechner, 2003). Because puberty scores at age nine were significantly skewed to the left 
and any variation was likely due to the sex differences within, age nine pubertal scores were not included 
in any of the hypothesis four models.  
Regression Analyses 
Multiple linear regression analyses were run using irritability as a predictor, CR and sex as 
moderators, and ADHD and depression symptoms as respective outcome variables (see Figure 1). In 
another set of regression analyses, puberty (age 12) was included as a moderator in place of sex, along 
with CR, for ADHD and depression symptoms at age 12.  
Age Three Symptoms as Outcome  
Using age three ADHD symptom scores as an outcome variable, a multiple linear regression was 
run using irritability as a predictor, and CR and sex as moderators (see Table 3), a model that explained 




The three-way interaction between irritability, CR, and sex was significant, R2 = .05, F(141) = 
8.865, p < .01. As depicted in Table 4 and Figure 2, the test of simple slopes indicated that females with 
increased irritability and elevated or mean CR levels tended to have higher ADHD symptom scores. No 
significant effects were found for males, p > .05.  
 
Table 3
Summary of Multiple Linear Regression Analysis for Variables Associated with ADHD at Age Three
Predictor Variable B SE t p
Irritability (age three) 0.19 0.11 1.68 0.10
Cortisol Reactivity (age three) 0.03 0.11 0.27 0.79
Interaction 1: Irritability x CR -0.08 0.12 -0.69 0.49
Sex -0.11 0.16 -0.70 0.48
Interaction 2: Irritability x Sex 0.11 0.17 0.61 0.55
Interaction 3: CR x Sex 0.23 0.15 1.47 0.14
Interaction 4: Irritability x CR x Sex 0.51 0.17 2.98 < 0.01










Simple Slopes for a Three-Way Interaction Between Irritability, Sex, and CR on ADHD at Age Three
B SE t p
Blunted CR 0.27 0.17 1.55 0.12
Mean CR 0.19 0.11 1.68 0.10
Elevated CR 0.11 0.15 0.72 0.48
Blunted CR -0.15 0.20 -0.75 0.45
Mean CR 0.29 0.13 2.15 0.03
Elevated CR 0.73 0.17 4.35 < 0.01













Using age three depression symptom scores as an outcome variable, another multiple linear 
regression was run using irritability as a predictor, and CR and sex as moderators (see Table 5), a model 
that explained 46% of the variance, F(141) = 17.03, p < .01.  
 
The three-way interaction between irritability, CR, and sex was significant, R2 = .02, F(141) = 
5.51, p = .02. As depicted in Table 6, the test of simple slopes indicated that effects were significant, p < 
.01, for males and females, regardless of CR level. An examination of Figure 3, as well as the effect sizes 
Table 5
Summary of Multiple Linear Regression Analysis for Variables Associated with Depression at Age Three
Predictor Variable B SE t p
Irritability (age three) 0.65 0.07 8.80 <.01
Cortisol Reactivity (age three) -0.08 0.07 -1.10 0.27
Interaction 1: Irritability x CR -0.11 0.08 -1.44 0.15
Sex -0.03 0.10 -0.24 0.81
Interaction 2: Irritability x Sex -0.16 0.12 -1.41 0.16
Interaction 3: CR x Sex 0.15 0.10 1.45 0.15
Interaction 4: Irritability x CR x Sex 0.27 0.11 2.35 0.02











in Table 6, shows that males with blunted CR had the largest number of depression symptoms when 





Age Six Symptoms as Outcome  
Using age six ADHD symptom scores as an outcome variable, a multiple linear regression was 
run using concurrent irritability as a predictor, and CR and sex as moderators (see Table 7), a model that 
explained 31% of the variance, F(120) = 6.71, p < .01. Interactions were not significant, p > .05. 
 
Table 6
Simple Slopes for a Three-Way Interaction Between Irritability, Sex, and CR on Depression at Age Three
B SE t p
Blunted CR 0.76 0.12 6.62 <.01
Mean CR 0.65 0.07 8.80 <.01
Elevated CR 0.54 0.10 5.47 <.01
Blunted CR 0.33 0.13 2.41 0.02
Mean CR 0.49 0.09 5.50 <.01
Elevated CR 0.65 0.11 5.84 <.01













To examine any longitudinal effects, a multiple linear regression was run using age three 
irritability as a predictor, CR and sex as moderators, age six ADHD symptom scores as an outcome 
variable, and age three ADHD symptom scores as a covariate (see Table 8), a model that explained 54% 
of the variance, F(121) = 17.42, p < .01. Interactions were not significant, p > .05. 
 
Using age six depression symptom scores as an outcome variable, a multiple linear regression 
was run using concurrent irritability as a predictor, and CR and sex as moderators (see Table 9), a model 
that explained 37% of the variance, F(121) = 8.90, p < .01.  
Table 7
Summary of Multiple Linear Regression Analysis for Variables Associated with ADHD at Age Six
Predictor Variable B SE t p
Irritability (age six) 0.31 0.10 3.12 <.01
Cortisol Reactivity (age three) -0.01 0.10 -0.12 0.90
Interaction 1: Irritability x CR -0.11 0.09 -1.24 0.22
Sex -0.25 0.15 -1.63 0.11
Interaction 2: Irritability x Sex -0.14 0.15 -0.94 0.35
Interaction 3: CR x Sex -0.01 0.15 -0.03 0.98
Interaction 4: Irritability x CR x Sex 0.24 0.15 1.6 0.11
ADHD (age three) 0.37 0.08 4.82 <.01











Summary of Multiple Linear Regression Analysis for Variables Predicting ADHD at Age Six
Predictor Variable B SE t p
Irritability (age three) -0.03 0.11 -0.30 0.76
Cortisol Reactivity (age three) 0.02 0.10 0.16 0.87
Interaction 1: Irritability x CR 0.02 0.11 0.21 0.83
Sex -0.25 0.16 -1.55 0.12
Interaction 2: Irritability x Sex 0.26 0.18 1.46 0.15
Interaction 3: CR x Sex -0.03 0.15 -0.20 0.84
Interaction 4: Irritability x CR x Sex 0.14 0.17 0.83 0.41
ADHD (age three) 0.37 0.08 4.59 <.01













A  lower-order interaction between irritability and sex was significant, R2 = .03, F(125) = 5.82, p = .02. A 
test of simple slopes indicated that females with high irritability tended to have higher depression 
symptoms than their male counterparts, (for females: B = .54, SE = .10, t(125) = 5.17, p < .01, 95% CI 
[.33, .74]; for males: B = .22, SE = .09, t(125) = 2.59, p < .01, 95% CI [.05, .39]), as depicted in Figure 4. 
All other interactions were not significant, p > .05.  
 
To examine any longitudinal effects, a multiple linear regression was run using age three 
irritability as a predictor, CR and sex as moderators, age six depression symptom scores as an outcome 
variable, and age three depression symptom scores as a covariate (see Table 10), a model that explained 
27% of the variance, F(121) = 5.58, p < .01.  
Table 9
Summary of Multiple Linear Regression Analysis for Variables Associated with Depression at Age Six
Predictor Variable B SE t p
Irritability (age six) 0.22 0.09 2.44 0.02
Cortisol Reactivity (age three) 0.10 0.09 1.09 0.28
Interaction 1: Irritability x CR -0.01 0.08 -0.11 0.92
Sex 0.14 0.13 1.09 0.28
Interaction 2: Irritability x Sex 0.32 0.13 2.44 0.02
Interaction 3: CR x Sex -0.04 0.13 -0.30 0.77
Interaction 4: Irritability x CR x Sex 0.13 0.13 1.05 0.3
Depression (age three) 0.28 0.09 3.35 <.01














Similar to the results for concurrent irritability and depression at age six, a lower-order interaction 
between age three irritability and sex was significant, R2 = .03, F(125) = 5.64, p = .02. As illustrated in 
Figure 5, a test of simple slopes indicated that females with high irritability tended to have higher 
depression symptoms overall, (for females: B = .40, SE = .14, t(125) = 2.91, p < .01, 95% CI [.13, .68]; 
for males: B = .03, SE = .12, t(125) = .23, p = .82, 95% CI [-.21, .26]). All other interactions were not 




Summary of Multiple Linear Regression Analysis for Variables Predicting Depression at Age Six
Predictor Variable B SE t p
Irritability (age three) -0.02 0.12 -0.13 0.90
Cortisol Reactivity (age three) 0.13 0.09 1.39 0.17
Interaction 1: Irritability x CR 0.09 0.10 0.91 0.37
Sex 0.21 0.14 1.51 0.14
Interaction 2: Irritability x Sex 0.42 0.16 2.60 0.01
Interaction 3: CR x Sex -0.09 0.14 -0.64 0.52
Interaction 4: Irritability x CR x Sex -0.24 0.15 -1.56 0.12
Depression (age three) 0.40 0.11 3.50 <.01












Age Nine Symptoms as Outcome  
To examine any longitudinal effects, a multiple linear regression was run using age three 
irritability as a predictor, CR and sex as moderators, age nine ADHD symptom scores as an outcome 
variable, and ages three and six ADHD symptom scores as covariates (see Table 11), a model that 
explained 41% of the variance, F(109) = 8.51, p < .01. Interactions were not significant, p > .05.  
 
Another multiple linear regression was run using age six irritability as a predictor, CR and sex as 
moderators, age nine ADHD symptom scores as an outcome variable, and ages three and six ADHD 
symptom scores as covariates (see Table 12), a model that explained 46% variance, F(109) = 10.23, p < 
.01. As shown in Table 12, the lower order two-way interaction between irritability and CR was 
significant. However, further analysis and a test of simple slopes did not yield significance for any of the 
variables (p > .05).  
 
Table 11
Summary of Multiple Linear Regression Analysis for Variables Associated with ADHD at Age Nine
Predictor Variable B SE t p
Irritability (age three) -0.06 0.12 -0.51 0.62
Cortisol Reactivity (age three) 0.13 0.11 1.11 0.27
Interaction 1: Irritability x CR 0.02 0.16 0.12 0.90
Sex -0.27 0.16 -1.66 0.10
Interaction 2: Irritability x Sex 0.05 0.19 0.25 0.81
Interaction 3: CR x Sex 0.18 0.16 1.11 0.27
Interaction 4: Irritability x CR x Sex 0.01 0.21 0.06 0.95
ADHD (age three) 0.06 0.09 0.66 0.51
ADHD (age six) 0.58 0.09 6.37 <.01












Summary of Multiple Linear Regression Analysis for Variables Associated with ADHD at Age Nine
Predictor Variable B SE t p
Irritability (age six) 0.01 0.11 0.14 0.89
Cortisol Reactivity (age three) 0.08 0.11 0.77 0.44
Interaction 1: Irritability x CR 0.23 0.09 2.58 0.01
Sex -0.22 0.16 -1.38 0.17
Interaction 2: Irritability x Sex -0.05 0.16 -0.33 0.74
Interaction 3: CR x Sex 0.22 0.15 1.44 0.15
Interaction 4: Irritability x CR x Sex -0.28 0.15 -1.8 0.07
ADHD (age three) 0.07 0.09 0.76 0.45
ADHD (age six) 0.60 0.09 6.64 <.01













To examine any longitudinal effects, a multiple linear regression was run using age three 
irritability as a predictor, CR and sex as moderators, age nine depression symptom scores as an outcome 
variable, and ages three and six depression symptom scores as covariates (see Table 13), R2 = .40, F(109) 
= 2.30, p = .02.  
 
The three-way interaction between irritability, CR, and sex was significant, R2 = .05, F(109) = 
6.52, p = .01. As depicted in Table 14, the test of simple slopes indicated that effects were significant, p = 
.02, for females with blunted CR level. An examination of Figure 6 shows that high irritability at age 




Summary of Multiple Linear Regression Analysis for Variables Predicting Depression at Age Nine
Predictor Variable B SE t p
Irritability (age three) -0.12 0.16 -0.71 0.48
Cortisol Reactivity (age three) 0.06 0.13 0.46 0.65
Interaction 1: Irritability x CR 0.20 0.18 1.12 0.27
Sex -0.04 0.18 -0.24 0.81
Interaction 2: Irritability x Sex 0.29 0.22 1.37 0.17
Interaction 3: CR x Sex -0.02 0.18 -0.11 0.92
Interaction 4: Irritability x CR x Sex -0.60 0.23 -2.55 0.01
Depression (age three) 0.16 0.15 1.06 0.29
Depression (age six) 0.23 0.12 1.85 0.07












Simple Slopes for a Three-Way Interaction Between Age Three Irritability, Sex, and CR on Depression at Age Nine
B SE t p
Blunted CR -0.32 0.23 -1.41 0.16
Mean CR -0.11 0.64 -0.68 0.50
Elevated CR 0.10 0.27 0.36 0.72
Blunted CR 0.57 0.25 2.33 0.02
Mean CR 0.17 0.18 0.93 0.35
Elevated CR -0.23 0.22 -1.05 0.30













An additional linear regression was run using age six irritability as a predictor, CR and sex as 
moderators, age nine depression symptom scores as an outcome variable, and ages three and six 
depression symptom scores as covariates (see Table 15), R2 = .42, F(109) = 2.58, p = .01.  
 
Like the earlier model with age three irritability, the three-way interaction between age six 
irritability, CR, and sex was significant, R2 = .04, F(109) = 4.78, p = .03. As depicted in Table 16, the test 
of simple slopes indicated that effects were significant for females with blunted CR level. Figure 7 
illustrates that high irritability at age six predicted higher depression scores in females with blunted or 
mean levels of CR.  
Table 15
Summary of Multiple Linear Regression Analysis for Variables Predicting Depression at Age Nine
Predictor Variable B SE t p
Irritability (age six) 0.05 0.13 0.42 0.67
Cortisol Reactivity (age three) 0.01 0.12 0.07 0.95
Interaction 1: Irritability x CR 0.03 0.10 0.29 0.77
Sex -0.09 0.18 -0.51 0.61
Interaction 2: Irritability x Sex 0.28 0.18 1.53 0.13
Interaction 3: CR x Sex 0.06 0.18 0.36 0.72
Interaction 4: Irritability x CR x Sex -0.37 0.17 -2.19 0.03
Depression (age three) 0.01 0.12 0.11 0.91
Depression (age six) 0.22 0.13 1.68 0.10















Age Twelve Symptoms  
Using age 12 ADHD symptom scores as an outcome variable, a multiple linear regression was 
run using concurrent irritability as a predictor, CR and sex as moderators, and age three, six, and nine 
ADHD scores as covariates (see Table 17), a model that explained 80% of the variance, F(99) = 38.75, p 
< .01. Interactions were not significant, p > .05.  
Table 16
Simple Slopes for a Three-Way Interaction Between Age Six Irritability, Sex, and CR on Depression at Age Nine
B SE t p
Blunted CR 0.02 0.18 0.13 0.90
Mean CR 0.05 0.13 0.43 0.67
Elevated CR 0.08 0.15 0.57 0.57
Blunted CR 0.67 0.20 3.40 <.01
Mean CR 0.32 0.16 2.09 0.04
Elevated CR -0.03 0.22 -0.12 0.91













To examine any longitudinal effects, a multiple linear regression was run using age three 
irritability as a predictor, CR and sex as moderators, age 12 ADHD symptom scores as an outcome 
variable, and ages three, six, and nine ADHD symptom scores as covariates (see Table 18), R2 = .78, 
F(100) = 35.10, p < .01. Interactions were not significant, p > .05.  
 
Additional linear regression analyses were run using age six irritability as a predictor, CR and sex 
as moderators, age 12 ADHD symptom scores as an outcome variable, and ages three, six, and nine 
ADHD symptom scores as covariates (see Table 19), R2 = .78, F(100) = 35.84, p < .01. Interactions were 
not significant, p > .05.  
Table 17
Summary of Multiple Linear Regression Analysis for Variables Associated with ADHD at Age Twelve
Predictor Variable B SE t p
Irritability (age twelve) 0.17 0.06 2.83 <.01
Cortisol Reactivity (age three) -0.04 0.07 -0.59 0.56
Interaction 1: Irritability x CR 0.07 0.08 0.93 0.36
Sex 0.1 0.1 0.94 0.35
Interaction 2: Irritability x Sex -0.08 0.09 -0.93 0.35
Interaction 3: CR x Sex 0.15 0.1 1.51 0.13
Interaction 4: Irritability x CR x Sex 0.02 0.1 0.2 0.84
ADHD (age three) 0.02 0.06 0.31 0.76
ADHD (age six) 0.09 0.07 1.29 0.2
ADHD (age nine) 0.75 0.07 10.98 <.01













Summary of Multiple Linear Regression Analysis for Variables Predicting  ADHD at Age Twelve
Predictor Variable B SE t p
Irritability (age three) 0.03 0.08 0.37 0.71
Cortisol Reactivity (age three) 0.00 0.08 0.03 0.97
Interaction 1: Irritability x CR 0.03 0.11 0.27 0.79
Sex 0.09 0.11 0.82 0.42
Interaction 2: Irritability x Sex 0.05 0.12 0.44 0.66
Interaction 3: CR x Sex 0.06 0.11 0.57 0.57
Interaction 4: Irritability x CR x Sex -0.14 0.14 -1.05 0.3
ADHD (age three) 0.03 0.06 0.41 0.68
ADHD (age six) 0.05 0.07 0.72 0.47
ADHD (age nine) 0.85 0.06 13.24 <.01















Additional analyses were run to explore pubertal development as a moderator. Using age 12 
ADHD symptom scores as an outcome variable, a multiple linear regression was run using irritability at 
ages three, six, and 12, pubertal development at age 12, and age three, six, and 12 ADHD scores as 
covariates. Interactions were not significant, p > .05, when ages three, six, or 12 irritability scores were 
used as the predictor variable (see Table 20, 21, and 22).  
 
Table 19
Summary of Multiple Linear Regression Analysis for Variables Predicting  ADHD at Age Twelve
Predictor Variable B SE t p
Irritability (age six) 0.01 0.07 0.12 0.91
Cortisol Reactivity (age three) 0.00 0.07 -0.05 0.96
Interaction 1: Irritability x CR -0.02 0.06 -0.39 0.70
Sex 0.06 0.11 0.52 0.61
Interaction 2: Irritability x Sex 0.13 0.11 1.22 0.23
Interaction 3: CR x Sex 0.08 0.10 0.74 0.46
Interaction 4: Irritability x CR x Sex 0.12 0.11 1.11 0.27
ADHD (age three) -0.02 0.06 -0.3 0.77
ADHD (age six) 0.03 0.08 0.35 0.73
ADHD (age nine) 0.86 0.07 12.95 <.01













Summary of Multiple Linear Regression Analysis for Variables Predicting  ADHD at Age Twelve
Predictor Variable B SE t p
Irritability (age three) 0.05 0.06 0.78 0.44
Cortisol Reactivity (age three) 0.03 0.06 0.50 0.62
Interaction 1: Irritability x CR -0.06 0.07 -0.82 0.42
PD (age twelve) -0.09 0.06 -1.42 0.16
Interaction 2: Irritability x PD -0.01 0.06 -0.21 0.84
Interaction 3: CR x PD 0.00 0.06 -0.05 0.96
Interaction 4: Irritability x CR x PD 0.01 0.07 0.16 0.87
Sex 0.16 0.12 1.30 0.20
ADHD (age three) 0.02 0.06 0.33 0.74
ADHD (age six) 0.06 0.08 0.80 0.42
ADHD (age nine) 0.85 0.07 13.05 <.01
Note: ADHD = Attention-deficit/hyperactivity disorder; CR = Cortisol reactivity; CI = confidence interval; PD = pubertal development. 



















Using age 12 depression symptom scores as an outcome variable, a multiple linear regression was 
run using concurrent irritability as a predictor, CR and sex as moderators, and age three, six, and nine 
depression scores as covariates (see Table 23), R2 = .18, F(99) = 2.18, p < .05. Interactions were not 
significant, p > .05.  
 
Table 21
Summary of Multiple Linear Regression Analysis for Variables Predicting  ADHD at Age Twelve
Predictor Variable B SE t p
Irritability (age six) 0.06 0.06 0.96 0.34
Cortisol Reactivity (age three) 0.03 0.06 0.56 0.58
Interaction 1: Irritability x CR 0.01 0.05 0.14 0.89
PD (age twelve) -0.08 0.06 -1.29 0.20
Interaction 2: Irritability x PD 0.00 0.06 -0.06 0.96
Interaction 3: CR x PD -0.01 0.06 -0.14 0.89
Interaction 4: Irritability x CR x PD 0.01 0.05 0.10 0.92
Sex 0.13 0.12 1.12 0.97
ADHD (age three) 0.02 0.06 0.37 0.71
ADHD (age six) 0.04 0.08 0.56 0.58
ADHD (age nine) 0.84 0.07 12.74 <.01
Note: ADHD = Attention-deficit/hyperactivity disorder; CR = Cortisol reactivity; CI = confidence interval; PD = pubertal development. 














Summary of Multiple Linear Regression Analysis for Variables Associated with ADHD at Age Twelve
Predictor Variable B SE t p
Irritability (age twelve) 0.17 0.05 3.29 <.01
Cortisol Reactivity (age three) 0.05 0.05 1.00 0.32
Interaction 1: Irritability x CR 0.12 0.07 1.89 0.06
PD (age twelve) -0.05 0.06 -0.79 0.43
Interaction 2: Irritability x PD -0.02 0.05 -0.37 0.72
Interaction 3: CR x PD 0.08 0.06 1.41 0.16
Interaction 4: Irritability x CR x PD 0.09 0.07 1.41 0.16
Sex 0.16 0.12 1.37 0.18
ADHD (age three) 0.04 0.06 0.67 0.51
ADHD (age six) 0.10 0.07 1.37 0.17
ADHD (age nine) 0.75 0.07 10.89 <.01
Note: ADHD = Attention-deficit/hyperactivity disorder; CR = Cortisol reactivity; CI = confidence interval; PD = pubertal development. 














Summary of Multiple Linear Regression Analysis for Variables Associated with Depression at Age Twelve
Predictor Variable B SE t p
Irritability (age twelve) 0.34 0.12 2.77 0.01
Cortisol Reactivity (age three) 0.06 0.13 0.45 0.66
Interaction 1: Irritability x CR 0.11 0.14 0.77 0.44
Sex 0.33 0.20 1.69 0.09
Interaction 2: Irritability x Sex -0.07 0.17 -0.40 0.69
Interaction 3: CR x Sex -0.02 0.19 -0.12 0.91
Interaction 4: Irritability x CR x Sex -0.10 0.19 -0.56 0.58
Depression (age three) -0.07 0.13 -0.49 0.63
Depression (age six) 0.07 0.13 0.51 0.61
Depression (age nine) -0.01 0.11 -0.07 0.94














To examine any longitudinal effects, a multiple linear regression was run using age three 
irritability as a predictor, CR and sex as moderators, age 12 depression symptom scores as an outcome 
variable, and ages three, six, and nine depression symptom scores as covariates (see Table 24), R2 = .07, 
F(100) = .77, p > .05. Interactions were not significant, p > .05.  
 
To further examine any longitudinal effects, another multiple linear regression was run using age 
six irritability as a predictor, CR and sex as moderators, age 12 depression symptom scores as an outcome 
variable, and ages three, six, and nine depression symptom scores as covariates (see Table 24), R2 = .08, 
F(100) = .83, p > .05. Interactions were not significant, p > .05.  
 
Analyses were also conducted to examine pubertal development as a moderator. Using age 12 
depression symptom scores as an outcome variable, a multiple linear regression was run using irritability 
at ages three, six, and 12, pubertal development at age 12, and age three, six, and nine depression scores 
Table 24
Summary of Multiple Linear Regression Analysis for Variables Predicting  Depression at Age Twelve
Predictor Variable B SE t p
Irritability (age three) -0.04 0.18 -0.24 0.81
Cortisol Reactivity (age three) 0.16 0.14 1.13 0.26
Interaction 1: Irritability x CR 0.15 0.20 0.76 0.45
Sex 0.29 0.21 1.39 0.17
Interaction 2: Irritability x Sex -0.08 0.24 -0.34 0.74
Interaction 3: CR x Sex -0.14 0.20 -0.71 0.48
Interaction 4: Irritability x CR x Sex -0.22 0.26 -0.81 0.42
Depression (age three) 0.20 0.17 1.18 0.24
Depression (age six) 0.07 0.14 0.5 0.62
Depression (age nine) 0.08 0.11 0.78 0.44













Summary of Multiple Linear Regression Analysis for Variables Predicting  Depression at Age Twelve
Predictor Variable B SE t p
Irritability (age six) 0.08 0.14 0.55 0.58
Cortisol Reactivity (age three) 0.13 0.14 0.92 0.36
Interaction 1: Irritability x CR 0.01 0.11 0.06 0.95
Sex 0.33 0.20 1.64 0.11
Interaction 2: Irritability x Sex -0.16 0.21 -0.78 0.44
Interaction 3: CR x Sex -0.12 0.19 -0.60 0.55
Interaction 4: Irritability x CR x Sex 0.15 0.19 0.81 0.42
Depression (age three) 0.13 0.13 0.96 0.34
Depression (age six) 0.03 0.15 0.21 0.83
Depression (age nine) 0.13 0.11 1.23 0.22














as covariates. In a model that explained 8% of the variance, age three irritability did not yield significant 
interactions, F(98) = .76, p > .05 (See Table 26).  
 
Another model using age six irritability as the predictor variable also did not yield significant 
interactions, R2 = .08, F(98) = .82, p > .05 (see Table 27).  
 
A final model that included age 12 irritability, and explained 22% of the variance, F(97) = 2.54, p 






Summary of Multiple Linear Regression Analysis for Variables Predicting  Depression at Age Twelve
Predictor Variable B SE t p
Irritability (age three) -0.06 0.16 -0.37 0.71
Cortisol Reactivity (age three) 0.08 0.10 0.78 0.44
Interaction 1: Irritability x CR 0.02 0.12 0.19 0.85
PD (age twelve) 0.00 0.11 0.00 0.99
Interaction 2: Irritability x PD -0.10 0.12 -0.79 0.43
Interaction 3: CR x PD -0.02 0.11 -0.17 0.87
Interaction 4: Irritability x CR x PD -0.09 0.12 -0.75 0.46
Sex 0.25 0.23 1.01 0.28
Depression (age three) 0.12 0.17 0.69 0.49
Depression (age six) 0.07 0.14 0.47 0.64
Depression (age nine) 0.12 0.11 0.95 0.35














Summary of Multiple Linear Regression Analysis for Variables Predicting  Depression at Age Twelve
Predictor Variable B SE t p
Irritability (age six) -0.03 0.12 -0.25 0.80
Cortisol Reactivity (age three) 0.06 0.10 0.55 0.58
Interaction 1: Irritability x CR 0.03 0.09 0.32 0.75
PD (age twelve) 0.01 0.11 0.06 0.96
Interaction 2: Irritability x PD -0.11 0.10 -1.11 0.27
Interaction 3: CR x PD 0.01 0.11 0.11 0.91
Interaction 4: Irritability x CR x PD -0.07 0.09 -0.78 0.44
Sex 0.29 0.22 1.31 0.20
Depression (age three) 0.11 0.13 0.83 0.41
Depression (age six) 0.06 0.15 0.38 0.71
Depression (age nine) 0.12 0.11 1.04 0.30
















As depicted in Table 29, age 12 irritability and age three CR significantly interacted when 
pubertal scores were +1 SD from the mean, showing an increase in depression symptoms. An additional 
examination into the Johnson-Neyman regions of significance support this finding, indicating that the 
effect is strongest for individuals above mean levels of puberty (M = .06, SD = 1.00, point at which the 
interaction is significant = .269).  
 
A test of the simple slopes showed that individuals with typical or more advanced pubertal 
development, combined with mean or elevated CR and higher irritability scores, were more likely to have 
increased depression scores (see Table 30).  
 
Table 28
Summary of Multiple Linear Regression Analysis for Variables Associated with Depression at Age Twelve
Predictor Variable B SE t p
Irritability (age twelve) 0.43 0.10 4.16 <.01
Cortisol Reactivity (age three) 0.11 0.10 1.08 0.28
Interaction 1: Irritability x CR 0.18 0.11 1.56 0.12
PD (age twelve) 0.00 0.11 0.02 0.99
Interaction 2: Irritability x PD -0.05 0.10 -0.54 0.59
Interaction 3: CR x PD 0.13 0.11 1.18 0.24
Interaction 4: Irritability x CR x PD 0.29 0.12 2.37 0.02
Sex 0.42 0.21 1.94 0.06
Depression (age three) -0.06 0.13 -0.49 0.63
Depression (age six) 0.08 0.13 0.64 0.52
Depression (age nine) -0.06 0.12 -0.52 0.61














Pubertal Development B F p
Less Developed -0.11 0.65 0.42
Mean PD 0.18 2.36 0.13
More Developed 0.46 5.81 0.02
Test of Conditional Age Twelve Irritability by CR 
Interaction at the Value of Pubertal Development
Note: CR = Cortisol reactivity; PD = pubertal development. 
Levels of pubertal development were mean and ± 1SD
Table 30
Simple Slopes for a Three-Way Interaction Between Irritability, Pubertal Development, and CR on Depression at Age Twelve
B SE t p
Blunted CR 0.59 0.25 2.38 0.02
Mean CR 0.48 0.14 3.42 <.01
Elevated CR 0.37 0.13 2.81 <.01
Blunted CR 0.26 0.15 1.67 0.10
Mean CR 0.44 0.10 4.23 <.01
Elevated CR 0.62 0.16 3.85 <.01
Blunted CR -0.08 0.22 -0.36 0.72
Mean CR 0.40 0.14 2.89 <.01
Elevated CR 0.87 0.26 3.37 <.01


















As illustrated in Figure 8 and 9, high irritability and elevated CR interacted in more pubertally 








The primary goal of this study was to gain a better understanding of how cortisol reactivity may 
interact with irritability to influence psychopathology symptoms both concurrently and over time. ADHD 
and depression symptoms were of particular interest because the existing literature reflects inconsistent 
findings when examining these disorders in the context of CR (Alink et al., 2008; Bagner et al., 2010; 
Gunnar et al., 2009b; Harkness et al., 2011; Jaffee et al., 2015; Lopez-Duran et al., 2009; Mazurka et al., 
2016; Melham et al., 2016; Ruttle et al., 2011; Suzuki et al., 2013; Zorn et al., 2017). Overall, the findings 
of this study suggest that CR plays a role in the association between irritability and psychopathology 
symptoms, especially those related to depression. A secondary purpose of this study was to examine 
whether sex and puberty further moderated the irritability-CR interaction. These investigations showed 
sex and puberty to be additional moderators in early childhood and early adolescence, respectively. Our 
findings add to the minimal published research investigating irritability and CR associations and 
interactions (Mikita et al., 2015; Morris et al., 2017).  
First, we found that CR and irritability interacted in association with ADHD symptoms in 
preschool, but only in females. That is, three-year-old females with atypically elevated CR and high 
irritability were more likely to have symptoms of ADHD when compared to other children in the sample. 
We considered the following possible explanation for this finding. To begin with, we sought to 
understand what makes elevated CR different from blunted CR in the context of psychopathology. 
Anxiety is consistently associated with elevated CR (Zorn et al., 2017), and so we surmised that comorbid 
anxiety symptoms may be related to these findings. Further, research has shown that sex differences occur 
in anxiety prevalence, even in children as young as preschool age, with females showing higher rates of 
separation anxiety in particular (Franz et al., 2013). Of interest, the Stranger Approach task, which was 
administered to our sample, has been used to elicit stress reactivity and anxiety (Kopala-Sibley et al., 
2017). Additionally, anxiety in young children often manifests behaviorally as irritability and anger (Roy 
et al., 2019). It may be that some preschool aged females are experiencing higher levels of anxiety, which 
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is associated with elevated CR, and is expressed as increased irritability and emotion dysregulation, which 
may be mistaken for ADHD. 
At no other age beyond three years did we find significant interactions when ADHD was the 
outcome variable. However, in line with findings above, concurrent irritability symptoms were related 
with ADHD symptoms at both waves where concurrent irritability data were available (ages six and 12). 
At six- and 12-years-old, children with high irritability tended to have increased ADHD symptoms scores 
when compared to other children in the sample. That we found a significant association at age three, but 
not ages six, nine, and twelve, is curious. It appears that CR in early childhood is not a robust predictor of 
later ADHD symptoms in this sample, suggesting that the relation between irritability and CR, in 
association with ADHD symptoms, may be specific to concurrent CR (though age nine irritability was not 
analyzed here).  
When examining depression symptoms at age three, we found that irritability interacted with CR 
at all levels, for both sexes, in association with increased symptoms. However, looking more closely at 
the effects shown in Table 6 and in Figure 3, the patterns for males and females are opposite. While high 
irritability was associated with increased depression symptoms in both sexes, this was especially true for 
males with blunted CR and females with elevated CR. Research indicates that high irritability is 
associated with depression and is even a symptom of depression in children (APA, 2013; Roy et al., 
2019). One reason for the CR and sex interaction here may be related to comorbid symptoms of anxiety 
and ODD, in females and males, respectively. As was already discussed, anxiety is associated with 
elevated CR and is more prevalent in females (Roy et al., 2019; Zorn et al., 2017). Similarly, ODD is 
associated with blunted CR and is more prevalent in males (APA, 2013; Bagner et al., 2010; Ruttle et al., 
2011; Zorn et al., 2017). Future studies would be well served to explore these potential comorbidities in 
this context.  
Although CR was not significant for six-year-olds, our results did show that sex and irritability 
interacted in a meaningful way. For six-year-old females, depression scores tended to be higher when 
they had high irritability both concurrently and when they were three. Interestingly, the literature on 
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depression prevalence suggests that sex differences do not emerge until pubertal onset (Beauchaine & 
Hinshaw, 2017). However, it may be that the sex difference here is reflecting a qualitative difference in 
the presentation of irritability. Specifically, as noted above, females typically show more withdrawn-type 
irritability, whereas males tend to display more blatant, even oppositional-type, irritability (Stringaris et 
al., 2018). In this case, the female-typical irritability manifestation may be more related to (or possibly 
even conflated with) depression symptoms.  
At age nine, irritability significantly interacted with CR and sex in association with depression 
symptoms. Echoing earlier waves, this effect specifically occurred in females. However, blunted CR (as 
opposed to elevated), in conjunction with high irritability at ages three and six was found to predict 
increased depression symptoms at age nine. One explanation for this finding may be related to chronic 
versus concurrent irritability. That is, chronic irritability may be more associated with chronic depressive 
symptoms, which are also typically associated with blunted CR. That this interaction was significant for 
irritability at age three and six, in conjunction with the moderate correlation between irritability at those 
ages (see Table 2), suggests that age nine children’s depressive symptoms may have been more 
influenced by chronic type irritability. Unfortunately, this is difficult to confirm without a concurrent 
irritability measure for age nine.  
Results for age 12 showed that a three-way interaction including sex was not significant. 
However, puberty did interact with irritability and CR (while controlling for sex) in association with 
depression symptoms. In particular, more pubertally developed 12-year-olds had higher symptom scores 
when they had high concurrent irritability and elevated CR. From the puberty and CR literature, we know 
that normative hormonal changes occur during pubertal development, with CR changes happening in both 
healthy and at-risk adolescents (Colich et al., 2015; Ge & Natsuaki, 2009 Gunnar et al., 2009b; Hankin et 
al., 2010); however, previous research has focused on CR and puberty concurrently, as opposed to early 
childhood CR interacting with pubertal development. These results suggest that atypical CR in early 




Strengths and Limitations 
This study had several strengths of note. First, the use of longitudinal data allowed us to examine 
how factors in early childhood may predict symptoms of psychopathology. The earlier that risk factors are 
identified, the earlier interventions may be arranged, and trajectories improved. Second, examining 
psychopathology dimensionally allowed us to capture symptom changes in individuals who would 
otherwise not meet criteria for a psychiatric diagnosis. This was a particular strength for examining 
ADHD, because symptoms in females often go undetected or are misattributed to other disorders, such as 
depression (e.g., social withdrawal is a common symptom of depression and of ADHD in young females; 
Beauchaine & Hinshaw, 2017; Chaplin & Aldao, 2013; Mendle, 2014). This was also useful because the 
dimensional scores accounted for construct overlap by removing irritability from the symptom scores. 
Third, that three-way interactions emerged as significant in this small sample suggests large effects.  
There were also several limitations to this study. First, cortisol reactivity was only collected at the 
first visit (i.e., age three) and only one AUC was calculated for each participant. As a result, the CR levels 
may be more representative of stress reactivity in that moment, as opposed to average CR at age three. 
Additionally, the lack of CR data for ages six, nine, and 12, prevented us from assessing how CR may 
change over time. Although CR may be relatively stable from three to six years, this was not explicitly 
considered in this study (Hankin et al., 2011). Second, the sample was demographically homogeneous 
(i.e., primarily Caucasian, middle-class, college-educated parents). This lack of variability may make the 
sample less generalizable in terms of psychopathology symptoms and stress reactivity in the population. 
Third, because the CR measure was only collected on 156 participants, the overall sample was relatively 
small, especially for the statistical models used. Fourth, ADHD symptoms were summed scores (rather 
than modeling hyperactivity and inattentiveness separately), preventing us from assessing whether 
subtypes or certain symptoms were more affected by the irritability-CR interaction. Fourth, although our 
psychopathology measures were created with a dimensional approach in mind, the symptoms were still 




Future Research and Implications 
Future research should continue to investigate cortisol reactivity as a moderator between 
irritability and psychopathology. Irritability is an indication of dysregulated emotion and mood that can 
be measured through behavioral observation and self-report, and CR is a biological measure of 
sociopsychological stress response. When examined together in the context of psychopathology, findings 
may provide greater insight into vulnerabilities and protective factors related to mental illness and 
impairment.  
Additionally, our findings are particularly fascinating, because it suggests that early childhood 
CR may still be valuable in understanding later psychopathology. However, this relation was inconsistent 
over time. For example, we found that the three-way interaction was significant at ages three and nine, but 
not age six. Given that the variability in both irritability and depression symptoms at age six are 
comparable to the respective variabilities at ages three and nine, make interpretation a challenge. Future 
research should look to elucidate this association further.   
Further, research should continue to examine psychopathology at the symptom and subtype level. 
For example, in a cross-sectional study of adolescents with depressive disorders, Morris et al. (2017) 
found that differences in psychopathology symptom combinations may account for the heterogeneity in 
the literature on CR. With respect to ADHD, examining subtype and specific symptoms may help shine a 
light on which executive functions are implicated and impaired during stressful moments.  
Additionally, more research should examine CR longitudinally throughout early and middle 
childhood. Specifically, does CR change from ages three to six to nine? If so, how does it change? If not, 
is it still predictive? Learning more about the development of early and middle childhood CR may impact 
our understanding of psychosocial stress responsivity in prepubertal children at risk for psychopathology.  
Moreover, there is little research investigating the association between early CR and other 
outcomes longitudinally from early childhood to adolescence and adulthood. Existing research has 
examined CR associations longitudinally in early childhood (i.e., from ages three to six), with findings 
suggesting CR is a good concurrent predictor of psychopathology (Barrios et al., 2017; Kopala-Sibley et 
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al., 2017). However, there is no published research investigating whether early CR fades in impact as a 
predictor throughout childhood. Our results suggest that early CR may still be impactful as a predictor of 
adolescent psychopathology.   
Finally, all future irritability and CR research would benefit from the inclusion of sex as an 
additional moderator. The relation between cortisol reactivity and irritability was better understood when 
sex was included in the model in this way. This is especially so in light of the findings that six-year-old 
males and females showed opposite irritability by CR effects on ADHD symptoms.  
Conclusion 
In sum, an abundance of research has observed that irritability (an index of emotion and mood 
dysregulation) and CR (an index of sociopsychological stress responsivity) are respectively associated 
with and predictive of later psychopathology (Barrios et al., 2017; Brotman et al., 2006; Doom & Gunnar, 
2013; Dougherty et al., 2015; Grimm et al., 2017; Gunnar & Vazquez, 2006; Keefe et al., 1996; Morris et 
al., 2012; Nelson, 2011; Pariante, 2003; Sapolsky et al., 1986; Slavich & Irwin, 2014; Stringaris et al., 
2009; Vogel et al., 2019; Zorn et al., 2017). Both atypical irritability and CR have been associated with 
psychopathology in the context of sex. The present study set out to investigate how these variables were 
related longitudinally. To date, this is the first study to examine a three-way interaction between 
irritability, CR, and sex in relation to psychopathology symptoms, and at multiple ages. Significant 
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